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Description
BACKGROUND OF THE INVENTION

[0001] The presentinvention described herein relates
generally to an apparatus for dynamoelectric machines.
More specifically, present invention relates to an appa-
ratus for compressing the lamination stack in the core of
a dynamoelectric machine.

[0002] Stator core laminations, i.e., punchings, are
generally arranged in a plurality of annular arrays thereof
forming sets or packets of adjacent stator core lamina-
tions. The sets of annular arrays of laminations are axially
spaced one from the other by space blocks and installed
in a generator stator frame. The space blocks define ven-
tilation passages for directing a cooling flow radially
through the stator. Typically, the assembly of the lami-
nations is performed manually by disposing the lamina-
tions on dovetail-shaped keybars which have male pro-
jections complementary to the female projections along
the outer diameter of the individual laminations. During
assembly, the lamination stack can develop undesirable
waves caused by burrs created during the punching proc-
ess. In addition, trapped air may also cause undesirable
waves in the lamination stack.

BRIEF DESCRIPTION OF THE INVENTION

[0003] In an aspect of the present invention, an appa-
ratus is provided for compressing the lamination stack
for a dynamoelectric machine. The apparatus includes a
plurality of weight distribution plates and a plurality of
pressing plates. The plurality of weight distribution plates
are placed on one end of the lamination stack of the dy-
namoelectric machine. The plurality of pressing plates
are placed on the plurality of weight distribution plates.
A compressive force is applied to the lamination stack
via the plurality of weight distribution plates and the plu-
rality of pressing plates.

[0004] In another aspect of the present invention, a
method is provided for compressing a lamination stack
for a dynamoelectric machine. The method includes the
steps of providing the lamination stack, providing a plu-
rality of weight distribution plates, providing a plurality of
pressing plates, placing the plurality of weight distribution
plates one at least one end of the lamination stack, plac-
ing the plurality of pressing plates on the plurality of
weight distribution plates, and applying a compressive
force to the lamination stack via the plurality of weight
distribution plates and the plurality of pressing plates.

BRIEF DESCRIPTION OF THE DRAWINGS
[0005]
FIG. 1 is a schematic perspective illustration of a

table, mandrel and locating fingers forming part of
an apparatus for locating and stacking punchings;
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FIG. 2 is a schematic representation illustrating
placement of individual punchings on the

table to form stacked, annular arrays thereof;

FIG. 3 is an enlarged perspective illustration of a
plurality of punchings arranged in annular arrays
thereof;

FIG. 4 is atop plan illustration of a weight distribution
plate, according to an aspect of the present inven-
tion;

FIG. 5 is a top plan illustration of a pressing plate,
according to an aspect of the present invention;

FIG. 6 is a top plan illustration of weight distribution
plates arranged on top of a lamination stack, accord-
ing to an aspect of the present invention;

FIG. 7 is a top plan illustration of weight distribution
plates and a pressing plate arranged on top of a lam-
ination stack, according to an aspect of the present
invention;

FIG. 8 is a flowchart of a method for compressing a
lamination stack, according to an aspect of the
present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0006] A dynamoelectric machine is defined as any
machine that converts mechanical energy to electrical
energy or converts electrical energy into mechanical en-
ergy. A motor or generator are two examples of dynamo-
electric machines.

[0007] Referring now to the drawings, and particularly
to FIGS. 1 and 2, there is illustrated a support, e.g., a
table 10, mounted for rotation about an axis 12 by a suit-
able drive, for example, an electric, hydraulic or pneu-
matic motor, not shown. The table 10 is preferably an-
nular in form and surrounds a mandrel 14 rotatable about
axis 12 with table 10. Mandrel 14 is also adjustable in
elevation relative to table 10. Like the table, the mandrel
may be elevated by any suitable, drive, preferably an
electric motor. As illustrated, the mandrel mounts a plu-
rality of radially outwardly extending fingers 16 which are
rotatable with the mandrel 14 and adjustable in height as
the mandrel’s height is adjusted. The tips of the fingers
16 terminate in guides 18 for guiding and locating the
punchings about the table in annular arrays thereof as
described below.

[0008] Referring to FIG. 3, a plurality of punchings 20
are illustrated. In the illustrated form of punchings, each
punching has a generally radially extending edge 22, a
plurality of full radially extending slots 24 spaced circum-
ferentially one from the other along an inner, circumfer-
entially extending margin and a radially extending half-



3 EP 2 453 561 A2 4

slot 26 along opposite sides 22 of the punching adjacent
the inner margin. Each punching may also include an
optional dovetail shape 28 at circumferentially spaced
locations along the outer margin thereof. As illustrated in
FIG. 3, there are six layers of superposed punchings 20
for illustration purposes, although it will be appreciated
that greater or fewer numbers of layers may be provided.
[0009] It will be seen in FIG. 3 that the radial juncture
along the side edges 22 of adjacent punchings 20 of each
layer does not underlie the joints between adjacent
punchings of adjacent layers. In this illustrated embodi-
ment and as one example only, the punchings are thus
staggered in a circumferential direction relative to one
another and the joints of circumferentially adjacent
punchings of every fourth layer lie in vertical alignment
one with the other.

[0010] It will be appreciated, however, that the half-
slots 26 along opposite sides of each punching form full
slots with the half-slots 26 of the circumferentially adjoin-
ing punchings. The slots 24 and 26 open radially inwardly
for receiving guides 18 as noted below. In one example,
there are fifteen punchings in each annular layer, with
the side edges 22 of the punchings lying in registration
and in acommon plane with one another. The punchings
are stacked one on top of the otherin a staggered manner
to form a set of a plurality of annular arrays of punchings.
The sets, in turn, may be axially spaced from one another
on the table by space blocks, not shown, disposed be-
tween the sets to form ventilation channels in the finished
dynamoelectric machine stator frame. The fingers 16 ter-
minate in guides 18. Each guide 18 includes a semispher-
ical projection on the top of the associated distal end of
the finger 16. The distal end of the finger 16 is received
within a slot 24 of a punching 20.

[0011] Multiple sets of punchings are disposed along
the table prior to lifting the sets from the table for instal-
lation into the dynamoelectric machine frame as de-
scribed below. As one specific example only, fifteen
punchings form an annular array thereof, the punchings
being approximately 0.014 inches thick. A vertical height
of approximately two inches for each set of punchings is
preferred. This requires approximately 140-150 punch-
ings, one over the other, to form a two-inch thick set of
punchings in the axial direction. However, any number
of punchings of any suitable thickness can be arranged
to form a core of any suitable longitudinal length in a
dynamoelectric machine (e.g., a motor and/or genera-
tor).

[0012] Referring back to FIG. 2, there is illustrated a
station 30 where the punchings 20 are inserted onto table
10 as the table 10 rotates, as indicated by arrow 31, past
the inserting station 30. In this aspect of the present in-
vention, an individual locates the punching on top of the
table or on top of a previously arranged annular array of
punchings. As the individual lays the discrete punchings
20 on the table or on 10 top of a previously placed array,
the punchings are disposed so that one or more fingers
16 is received within a full slot 24 or a half-slot 26 of the
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punching. The semi-spherical surfaces 18 assist to guide
each punching about the fingers 16 and, hence, align the
punching in a selected circumferential and radial position
about the table relative to other punchings. As the table
rotates, additional punchings are laid on the table and
underlying arrays, with the side edges 22 adjoining one
another. The individual also staggers the layers of punch-
ings by offsetting the first of an additional 20 layer of
punchings relative to the underlying array of punchings
so that the joints between the freshly laid punchings do
not overlie joints of the underlying punchings.

[0013] As the table rotates, the laid punchings may be
engaged by a roller system 40 which ensures that the
bases of the slots, both full 24 and half-slots 26, are en-
gaged by the guides 18 thereby maintaining an accurate
uniform alignment of the slots of the punchings and hence
the punchings themselves on the table. System 40 main-
tains rollers against the outer margins of the circumfer-
entially arrayed punchings. As the elevation of the up-
permost layers of punchings increases, the mandrel with
the attached fingers is also elevated. This is accom-
plished either continuously or incrementally in response
to sensing the height of the uppermost layer of punchings
and mechanically raising the mandrel and fingers in re-
sponse to the sensed signal. The completed stack of
punchings 20 form a lamination stack 200 that can form
the stator core of a dynamoelectric machine (e.g., a motor
or a generator).

[0014] FIG. 4 illustrates a top view of a weight distri-
bution plate 400, according to an aspect of the present
invention. The weight distribution plate 400 may have a
generally rectangular shape or be configured to generally
conform to a portion of the shape defmed by the lamina-
tion stack. The weight distribution plate 400 may have
one or more hand holds 410 incorporated therein to fa-
cilitate manipulation by an operator or technician. To fur-
ther facilitate manual manipulation, the weight distribu-
tion plate 400 is preferably made of aluminum, aluminum
alloy, titanium, titanium alloys, steel, steel alloys or other
lightweight material, metal or metal alloy, and have a
weight that is comfortably handled by one technician. Al-
ternatively, the weight distribution plate 400 could be
made of any suitable material, including but not limited
to wood, rubber, ceramic or plastic, or combinations
thereof.

[0015] FIG. 5illustrates a top view of a pressing plate
500, according to an aspect of the present invention. The
pressing plate 500 may have a generally rectangular
shape or be configured to generally conform to a portion
of the shape defined by the lamination stack. The press-
ing plate 500 may have one or more handles 510 or hand-
holds incorporated therein to facilitate manipulation by
an operator or technician. In one example, the handles
510 could be comprised of brackets mounted to the
pressing plate 500, where the brackets also include wire
loop type handles. In another example, the handles 510
could be replaced with hand holds similar to hand holds
410. The pressing plate 500 may also include a press
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contact pad 520, and a press makes contact with this
portion of the pressing plate 500. To further facilitate man-
ual manipulation, the pressing plate 500 is preferably
made of aluminum, aluminum alloy, titanium, titanium al-
loys, steel, steel alloys or other lightweight material, metal
or metal alloy, and have a weight that is comfortably han-
dled by one technician. Alternatively, the pressing plate
500 could be made of any suitable material, including but
not limited to wood, rubber, ceramic or plastic, or com-
binations thereof. Alternatively, the press contact pad
520 could be omitted and a separate set of additional
pressing plates could be mounted on top of the pressing
plates 500, where the additional pressing plates would
facilitate increasing and/or distributing the pressing or
compressive force as desired in the specific application.
[0016] The weight distribution plates 400 and/or the
pressing plates 500 may be used with air filled bags or
containers. The air filled bags can be placed between
the plates 400, 500 and a force resisting element. The
air bags can be filled with compressed air to apply a com-
pressive force on the lamination stack 200.

[0017] FIG. 6 illustrates a top plan view of a lamination
stack 200 having two weight distribution plates stacked
thereon. In operation, during a lamination stack press
cycle, the weight distribution plates 400 are placed on
top of the lamination stack 200 and arranged over the
entire circumference of the lamination stack 200. The
lamination stack 200 may be a partially assembled lam-
ination stack or a completed lamination stack. In some
applications, itmay be desirable to have a "staged" press-
ing operation where the lamination stack is pressed in
stages prior to final completion.

[0018] FIG. 7 illustrates a top plan view of a lamination
stack having two weight distribution plates 400 stacked
thereon with a pressing plate 500 placed on top of the
two weight distribution plates. Only a few plates are
shown for clarity, and it is to be understood that both the
weight distribution plates 400 and pressing plates 500
would be disposed around the entire circumference of
the lamination stack. The pressing plates are preferably
placed to overlie portions of two weight distribution plates
400.

[0019] As one non-limiting example only, a pressing
operationis now described. The weight distribution plates
400 and pressing plates 500 are set on top of the lami-
nation stack 200. Each plate may cover a span of about
30" to about 36" but plates having any dimension can be
used as desired in the specific application. The plates
400 and 500 are arranged to cover staggered joints al-
lowing a per square inch (psi) load to be equally spread.
After arrangement of the plates 400, 500 a force is put
on the pressing plates 500 equaling a pounds per square
inch compression generated thru the pressing plate 500
— weight distribution plate 400 assembly into the core
stack lamination assembly 200 of about 40 to 45 psi.
However, any suitable pressure can be applied as de-
sired in the specific application. The compressive force
transferred to the lamination stack 200 compresses the
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stacked laminations 20 and removes trapped air, waves
in the stack and compresses lamination burrs and/or up-
sets from the punching/laser cutting during the lamination
manufacturing process and/or lamination deformities
during the stacking process.

[0020] FIG. 8 is a flow chart of a method 800 for com-
pressing a lamination stack in a dynamoelectric machine.
The method 800 includes a step 810 of providing a lam-
ination stack, a step 820 of providing a plurality of weight
distribution plates, a step 830 of providing a plurality of
pressing plates, a step 840 of placing the plurality of
weight distribution plates one at least one end of the lam-
ination stack, a step 850 of placing the plurality of press-
ing plates on the plurality of weight distribution plates,
and a step 860 of applying a compressive force to the
lamination stack via the plurality of weight distribution
plates and the plurality of pressing plates.

[0021] Step 820 can also include providing a plurality
of weight distribution plates comprised of aluminum,
and/or providing a plurality of handholds in each of the
plurality of weight distribution plates. Step 830 can also
include providing a plurality of pressing plates comprised
of aluminum, providing a press contact pad on each of
the plurality of pressing plates and/or providing a plurality
of handles in each of the plurality of pressing plates. Step
840 can also include a step of arranging the plurality of
weight distribution plates on the end of the lamination
stack so that joints between adjacent punchings are cov-
ered by at least one of the plurality of weight distribution
plates. Step 850 can also include a step of arranging the
plurality of pressing plates so that joints between adja-
cent weight distribution plates are covered by at least
one of the plurality of pressing plates. The method herein
described can be applied to a dynamoelectric machine
that is a motor or generator, and a lamination stack used
in a stator core.

[0022] This written description uses examples to dis-
close the invention, including the best mode, and also to
enable any person skilled in the art to practice the inven-
tion, including making and using any devices or systems
and performing any incorporated methods. The patent-
able scope of the invention is defined by the claims, and
may include other examples that occur to those skilled
in the art. Such other examples are intended to be within
the scope of the claims if they have structural elements
that do not differ from the literal language of the claims,
or if they include equivalent structural elements with in-
substantial differences from the literal languages of the
claims.

Claims

1. A method for compressing a lamination stack for a
dynamoelectric machine, the method comprising:

providing the lamination stack (200);
providing a plurality of weight distribution plates
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(400);

providing a plurality of pressing plates (500);
placing the plurality of weight distribution plates
(400) one atleast one end of the lamination stack
(200);

placing the plurality of pressing plates (500) on
the plurality of weight distribution plates (400);
applying a compressive force to the lamination
stack (200) via the plurality of weight distribution
plates and the plurality of pressing plates (500).

The method of claim 1, wherein the plurality of weight
distribution plates (400) are comprised of at least
one of aluminum, aluminum alloy, titanium and steel.

The method of claim 1 or 2, wherein the plurality of
pressing plates (500) are comprised of at least one
of aluminum, aluminum alloy, titanium and steel.

The method of any of claims 1 to 3, wherein the step
of placing the plurality of weight distribution plates
(400) further comprises:

arranging the plurality of weight distribution
plates (400) on the end of the lamination stack
(200) so that joints between adjacent punchings
(20) are covered by at least one of the plurality
of weight distribution plates (400).

The method of any of claims 1 to 4, wherein the step
of placing the plurality of pressing plates (500) further
comprises:

arranging the plurality of pressing plates (500)
so that joints between adjacent weight distribu-
tion plates (400) are covered by at least one of
the plurality of pressing (500) plates.

The method of any of claims 1 to 5, wherein the step
of providing a plurality of weight distribution plates

(400) further comprises:

providing a plurality of handholds (410) in each
of the plurality of weight distribution plates (400).

The method of any of claims 1 to 6, wherein the step
of providing a plurality of pressing plates (500) further

comprises:

providing a plurality of handles (510) in each of
the plurality of pressing plates (500).

The method of claim 7, further comprising:

providing a press contact pad (520) on each of
the plurality of pressing plates (500).

An apparatus for compression of a lamination stack
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10.

11.

12.

13.

14.

15.

(200) for a dynamoelectric machine, the apparatus
comprising:

a plurality of weight distribution plates (400);

a plurality of pressing plates (500);

wherein, the plurality of weight distribution
plates (400) are placed on one end of the lami-
nation stack of the dynamoelectric machine, and
the plurality of pressing plates (500) are placed
on the plurality of weight distribution plates
(400), and wherein a compressive force is ap-
plied to the lamination stack (200) via the plu-
rality of weight distribution plates (400) and the
plurality of pressing plates (500).

The apparatus of claim 9, wherein the plurality of
weight distribution plates (400) and/or the plurality
of pressing plates (500) are comprised of at least
one of aluminum, aluminum alloy, titanium and steel.

The apparatus of claim 9 or 10, wherein the plurality
of weight distribution plates (400) are arranged on
the end of the lamination stack (200) so that joints
between adjacent punchings (20) are covered by at
least one of the plurality of weight distribution plates
(400).

The apparatus of any of claim 9 to 11, wherein the
plurality of pressing plates (500) are arranged on the
plurality of weight distribution plates (400) so that
joints between adjacent weight distribution plates
(400) are covered by at least one of the plurality of
pressing plates (500).

The apparatus of any of claims 9 to 12, wherein each
of the plurality of weight distribution plates (400)
comprises one or more hand holds (410).

The apparatus of any of claims 9 to 13, wherein the
dynamoelectric machine is at least one of a motor
and generator.

The apparatus of any of claims 9 to 14, wherein the
lamination stack (200) comprises a stator core.



FIG. 1



EP 2 453 561 A2

00¢




EP 2 453 561 A2

FIG. 3



EP 2 453 561 A2

0¢

N N Y A mim
D TR aeee FomesT aw
L o 0 L 0z
oot oov
m|. |
0z
_ 9 'Ol
e e i
op 0000 T O o= aD
_ ao || ap 0z
00v o0V
002 ——
G Old ¥ 9Old
1_0z5




EP 2 453 561 A2

810 T~

PROVIDING A LAMINATION STACK

A

820 —~_|

PROVIDING A PLURALITY OF WEIGHT
DISTRIBUTION PLATES

830 —~__

PROVIDING A PLURALITY OF PRESSING
PLATES

A

840 —~_|

PLACING THE PLURALITY OF WEIGHT
DISTRIBUTION PLATES ONE AT LEAST
ONE END OF THE LAMINATION STACK

850 —~_|

PLACING THE PLURALITY OF PRESSING
PLATES ON THE PLURALITY OF WEIGHT
DISTRIBUTION PLATES

860 —~_|

APPLYING A COMPRESSIVE FORCE TO
THE LAMINATION STACK VIA THE
PLURALITY OF WEIGHT DISTRIBUTION
PLATES AND THE PLURALITY OF
PRESSING PLATES

FIG. 8

10

— 800



	bibliography
	description
	claims
	drawings

